Objective: We investigated whether particular demographics, maternal psychosocial and infant factors identified mothers of very preterm infants at risk for postpartum depression or anxiety at the time of discharge from a level III urban Neonatal Intensive Care Unit (NICU).
Introduction
Postpartum depression is a significant public health issue with rates reported between 10 and 15% in the general population. 1 Mothers of preterm infants are at particular risk for poor postpartum functioning with rates of depression from 14 to 27%. 2 Indeed, rates of clinically elevated depressive symptoms can be as high as 63% during the preterm infant's hospitalization. 3 More recently, increased levels of anxiety and acute stress among mothers of infants cared for in the Neonatal Intensive Care Unit (NICU) have been reported. 4, 5 Maternal postpartum depression and anxiety affect child development with detrimental effects on cognitive 6, 7 and social-emotional development, 7, 8 as well as parent-child interactions. 9 Preterm infants appear more sensitive to the impact of poor maternal mental health as compared with full-term infants. 10, 11 The risk factors for postpartum depression in the general population include a prior history of depression, life stress, poor social support, marital discord, single marital status and low socioeconomic status. 12 Another important factor, maternal smoking, is a risk factor for preterm delivery, 13 as well as depressive symptoms during pregnancy 14 and the postpartum period in mothers of both preterm and full-term infants. 13, 15 Prior research has identified risk factors for anxiety in mothers of very low birth weight (<1000 g) infants including marital status and social support, 16 although this study measured trait anxiety, reflecting mothers underlying propensity for anxiety rather than their current anxiety levels. Additional risk factors for postpartum depression and anxiety specific to the NICU setting include perception of the infant's illness severity, 3, 17 poor coping skills, increased parenting stress, perceived parental role alteration, 18 length of ventilation 11, 19 and length of stay in the NICU. 11 In contrast to the general population, demographic risk factors, such as maternal education and age, have not been consistently associated with depressive symptoms among mothers of preterm infants although marital status was still an important risk factor. 3 Ethnicity is another demographic factor that has not been consistently related to maternal postpartum functioning. It is wellestablished that African-Americans are at the highest risk of preterm birth, with rates at least twice that of Caucasians. 20, 21 It is unclear, however, if they are at higher risk for postpartum depression and anxiety. Among the general population, AfricanAmericans are at increased risk of depression, 20, 22, 23 including during the postpartum period 24 compared with non-Hispanic Caucasians. Among mothers of preterm infants, some report increased rates of postpartum depressive symptoms for AfricanAmericans 25 whereas others do not. 3 The different rates of risk factors between these samples may explain this discrepancy.
Identification of the risk factors predictive for poor postpartum functioning would assist in the recognition and referral of mothers at greatest risk before taking home their vulnerable infants. One study in mothers of infants born <35 weeks gestation reported that the interaction between maternal demographic characteristics conferred greater risk than the infant's medical severity for mothers with elevated demographic risk, low social support and infants with very low birthweight. 11 To date, however, the risk factors for poor postpartum functioning have not been well-studied in a sample that has both elevated demographic risk and medically fragile very preterm infants, representing the most vulnerable mother-infant dyads. To address this gap, the current study aims to assess which factors are most useful for identifying mothers at-risk for postpartum depression or anxiety at the time of discharge from the NICU by investigating the impact of demographics, maternal psychosocial and infant factors in a cohort of Caucasian and African-American mothers of very preterm infants at a level III NICU.
Methods

Participants
This study was a prospective cohort design recruiting preterm infants born at <30 weeks gestation within the first 3 days of life over a three-year period. The study was approved by the institutional human ethics committee. Exclusion criteria included having a known congenital anomaly or being moribund with severe sepsis or respiratory failure in the first days of life. All infants whose parents gave informed consent for magnetic resonance imaging were scanned during the NICU hospitalization. In addition, clinical information on the infant and mother were collected from the medical record, and each primary caregiver completed a comprehensive questionnaire at discharge from the NICU.
Measures
Maternal postpartum depression was measured with the Edinburgh Postnatal Depression Scale (EPDS). The EPDS is a 10-item selfreport measure with good validity that assesses symptoms of postpartum depression among mothers over the last 7 days. 26, 27 A score of 13 (range 0 to 30) or greater indicates a mother with clinically significant depression. The State-Trait Anxiety Inventory (STAI) is a widely used and reliable assessment of anxiety in adults and consists of two 20-item scales that differentiate between anxiety as a personality trait and conditional anxiety. 28, 29 State anxiety was used as the outcome measure to reflect the anxiety that resulted from having a very preterm infant in the NICU. Moderate anxiety was defined by a score between 40 and 59 with severe anxiety between 60 and 80, as per published guidelines. 28 
Demographic factors
Information on maternal age, race, education and marital status were collected from the questionnaire by caregiver report.
Insurance status, used as a proxy measure for socioeconomic status, was obtained from the clinical record and dichotomized into public insurance or private insurance. Maternal education was dichotomized as those who attained the equivalent or less than high-school degree or a college education or higher.
Maternal psychosocial history
Data on prior history of depression or anxiety, smoking, stressful life events and social support satisfaction were collected. Histories of depression and/or anxiety were obtained both by self-report in the discharge questionnaire, as well as from the maternal clinical records. Maternal smoking was obtained by self-report and dichotomized into those who smoked at least one cigarette/day and nonsmokers. Stressful life events were measured via the Life Stress subscale of the Parenting Stress Index, 30 assessing stressful situational circumstances outside of parenting (for example, death of a relative, loss of a job). 31 Social support satisfaction was measured with the Social Support Questionnaire, which rates satisfaction with self-identified sources of support. 32 Parental role alteration was assessed using the parental role alteration subscale of the Parental Stressor Scale (PSS): NICU, 33 which has good reliability and internal consistency. 34 
Infant factors
The following Infant factors were hypothesized a priori to impact maternal depression or anxiety: number of days of ventilation, length of stay and extent of brain injury.
The extent of brain injury was assessed from cranial ultrasound conducted at clinical discretion and from a study-related magnetic resonance imaging conducted without sedation. Magnetic resonance imaging results were interpreted by a single, trained neurologist to determine the presence of focal white-matter lesions, cystic periventricular leukomalacia, and cerebellar hemorrhage. Brain injury was dichotomized into no to mild abnormality or moderate to severe abnormality (intraventricular hemorrhage Grade III or IV; and/or moderate to severe white-matter injury including multiple focal lesions and/or cystic periventricular leukomalacia; and cerebellar hemorrhage). The results of the neuroimaging were communicated to the primary caregivers before completion of the discharge questionnaire, including estimated prognosis for motor and cognitive development for the infant, by a trained neonatologist and neurologist (TI).
For mothers of multiples, the infant with the most severe clinical presentation based on length of stay, length of ventilation and degree of brain injury was chosen for the analysis in order to best assess the association between having a medically ill infant and maternal functioning.
Data analysis
To assess the differential impact of the individual demographics (maternal age, race, education, marital status and insurance status), maternal psychosocial (prior history of depression or anxiety, smoking, stressful life events, parental role alteration, and social support satisfaction) and infant risk factors (number of days of ventilation, length of stay and extent of brain injury) on depression and anxiety, each set of factors was entered into hierarchical linear regression models with EPDS and STAI-S scores as the outcome variables. The maternal psychosocial factors were entered in the first step, demographic factors entered in the second step and infant factors added in the final step. Maternal psychosocial factors were entered first, based on the larger impact of these factors over demographic factors on depressive symptoms in the general population. 12 Infant factors were added last, as the literature has been mixed on the impact of infant health status on outcome. Within each step, the factors were entered with a stepwise procedure, which retained variables with a P value <0.1. Possible disparities in the rates of risk factors between Caucasian and African-American mothers were calculated using t-tests for continuous variables and w 2 analyses for categorical variables. Significant factors from the hierarchical regression model and factors more prevalent in one race (age, insurance status and marital status) were evaluated for interactions with race by analysis of covariance.
Results
There were a total of 83 Caucasian and African-American mothers of surviving infants enrolled in the study. Of all, 73 mother-infant dyads had complete data and were included in this analysis. Those with missing data had shorter lengths of stay (t ¼ 2.23, P ¼ 0.03) compared with those included in the analysis. There were no other significant differences between those with missing data and those included in the analysis.
Maternal and infant characteristics are presented in Table 1 . Significant differences in demographic factors were as follows: African-American mothers were more likely to be unmarried (P<0.001), be on public aid (P<0.001), and be younger (P ¼ 0.009). There was a trend for African-American mothers to have less education (P ¼ 0.09).
Depressive symptoms
The results of the hierarchical regressions with the individual risk factors that were significant for each block for the EPDS are displayed in Table 2 . The only psychosocial risk factor that remained in the model was parental role alteration. Among demographic risks, being married was the only significant factor in the second step. In the final step, the number of ventilation days was the only significant infant factor. The final model with all of three of these factors was significant (R 2 ¼ 0.31 and P<0.001).
Interactions between race and significant factors (marital status, ventilation days and parental role alteration) and between race and factors that differed between Caucasian and African-American mothers (age, insurance status) were tested and were not significant (data not shown).
Given the unexpected finding that being married was associated with higher levels of depressive symptoms, we conducted exploratory analyses of this relationship. Comparing those that were married with those that were unmarried, married mothers had higher mean EPDS scores (t ¼ À2.4, P ¼ 0.02). Twenty-six percent of married mothers had clinical levels of depression compared with 15% of unmarried mothers (w 2 ¼ 1.2, P ¼ 0.28). Married mothers had higher EPDS scores compared with unmarried mothers cohabitating (mean EPDS 8.9 vs 4.3 Postpartum distress in mothers of preterm infants CE Rogers et al respectively, F ¼ 2.9, P ¼ 0.03), but not from single mothers (mean EPDS 6.7, Figure 1 ). Other factors reported to be associated with depressive symptoms, notably receiving fertility treatments, 35 and marital separation used as a proxy for marital discord 12 were evaluated. Use of fertility treatment was reported in only five participants, all of whom were married. Separation from their spouse was reported in three participants. Being married continued to be a predictor after adjusting for fertility treatment (b ¼ 0.46, P ¼ 0.002) or marital separation (b ¼ 0.6, P<0.001). Another potential confound, multiple births, noted to be associated with postpartum depression 35 was also assessed. There was no difference in the rate of multiple births between married and unmarried mothers (w 2 ¼ 0 0.77 P ¼ 0.38). Additionally, there were no differences between the infant factors with reported impact on postpartum depression for married and unmarried mothers (ventilation days t ¼ 0.83, P ¼ 0.41; length of stay, t ¼ 0.58, P ¼ 0.57).
Anxiety symptoms
None of the psychosocial, demographics or infant risk factors significantly predicted STAI state (STAI-S) scores. Post hoc analyses found no correlation between the number of children and STAI-S scores (r ¼ 0.11, P ¼ 0.23) nor any difference in mean STAI-S scores between those who did or did not have children previously (t ¼ 0.10, P ¼ 0.92). Parenting confidence was also assessed by maternal rating of their parenting skills. There was no association between parenting confidence and STAI-S scores. In addition, the anxiety traits of the cohort were explored. The mean STAI trait score was 33.8 with 27% of mothers having moderate trait anxiety and none having severe trait anxiety. There was a modest correlation between the STAI state and STAI trait scores (r ¼ 0.4, P ¼ 0.001).
Discussion
In this study of Caucasian and African American mothers of very preterm infants, there were specific factors that were associated with postpartum depressive symptoms at the time of discharge. In contrast, none of the risk factors analyzed were associated with anxiety at NICU discharge. Approximately 20% of mothers had clinical levels of depression, similar to previous reports. 2 There was no difference in the rate of postpartum depression between Caucasian and African-American mothers. Although modest levels of anxiety are reasonably anticipated upon discharge from the NICU, rates of moderate to severe state anxiety were found in 43% of mothers in this cohort, present at the time of discharge often many months after the initial admission. Indeed, the cohorts mean anxiety score was similar to means reported at much earlier time points in the NICU hospitalization. 36, 37 The modest association between trait and state anxiety suggests that the elevated state anxiety was not due to an overrepresentation of temperamentally anxious mothers. The rates of moderate to severe anxiety did not differ between Caucasian and African-American mothers.
We found that being married, experiencing parental role alteration and increased length of ventilation were the only risk factors associated with elevated postpartum depressive symptoms. It was a surprising finding that being married was associated with postpartum depression, given unmarried status has been previously associated with postpartum depression. 3, 12 This discrepancy was accounted for by unmarried, cohabitating mothers having the lowest EPDS scores. Evidence has shown that it is poor relationship quality, and not marital status per se, that is related to increased postpartum depression. 38 The infants in this study had a much longer NICU hospitalization than similar research that found marriage protective, 3 which may have increased the stress on married couples. It is also possible that more married couples compared with cohabiting couples had planned or intended pregnancies, and thus preterm delivery and this prolonged NICU stay may have had a greater impact on married mothers' emotional well-being. Information on relationship quality and pregnancy intention was not captured in the current study.
Experiencing parental role alteration and the length of ventilation have been previously reported as risk factors. 11, 18, 19 Both factors relate to the disruption in typical maternal-infant connectedness that occurs when an infant is in the NICU. Prolonged ventilation likely indicates not only greater medical severity but also prolonged physical separation. Thus, both of these factors may identify dyads at greatest risk for poor attachment, which is detrimental to both maternal functioning and infant development.
Another unexpected finding was that a prior history of depression and anxiety was not related to current symptoms of depression and anxiety. One possible explanation is that mothers underreported their prior histories of symptoms and this may have been better assessed with a clinical interview rather than by selfreport. Nevertheless, although a history of depression/anxiety has been noted to be predictive in other studies in the general population, this has not been confirmed in prior cohorts of preterm infants. 39 Unfortunately, prior research with mothers of preterm infants with racially diverse samples did not evaluate the impact of a history of prior depression on postpartum depression symptoms. 3 The most unexpected result was the lack of significant predictors for state anxiety. Prior research had found risk factors for trait anxiety, a different construct, with a sample that was less racially diverse, had less social disadvantage and had infants with an older mean gestational age. It is particularly notable that there was no relationship between the severity of the medical course and the presence of brain injury with maternal anxiety. Although there may be other unmeasured risk factors for anxiety, this finding suggests that a large proportion of mothers of very preterm infants are at elevated risk for significant and impairing levels of anxiety, even after the infant's medical condition has stabilized. This highlights the importance of surveillance of mothers of very preterm infants for impairing levels of anxiety at discharge from the NICU, at postpartum visits and well baby checkups. It also highlights how challenging it may be for the clinical team to identify the mother at greatest risk, as the majority of clinical teams would assign risk based on demographics, psychosocial history and/or severity of infant illness.
This study has several strengths, including the racial and socioeconomic diversity of the cohort, as well as a more comprehensive set of risk factors, including a prior history of depression/anxiety and severity of brain injury. Limitations include that we report on findings at only one time point, so it is unclear if these factors continue to confer risk over time. This cohort is part of a longitudinal study and subsequent investigation of the persistence of maternal postpartum symptoms during infancy and childhood, as well the impact of these early risk factors will be undertaken. Nevertheless, early attachment with infants is important for promoting development, and elevated depressive or anxiety symptoms at discharge may increase the risk of attachment difficulties and impact the care of these infants when they are still medically fragile. Another possible limitation is that this cohort was recruited from an urban level III NICU, and thus, these results may not be generalizable to all mothers of VPT infants, nor to all Caucasian and African-American mothers.
Conclusion
The findings from this study confirm the common nature of maternal postpartum depression and anxiety disorders in mothers of very preterm infants at the time of discharge from the NICU. Identification of risk factors (marital state/satisfaction, parental role alteration and length of ventilation) may assist physician and other team members to screen for this disorder. In contrast, anxiety is commoner and had no identifiable risk factors. Universal screening for anxiety in the NICU would be required to identify mothers with moderate to severe anxiety. Future research is needed to study the relationship between the identified risk factors and the duration of depression and anxiety in this population and to determine whether targeting interventions early in the NICU hospitalization to mothers identified as at-risk reduces symptoms before discharge.
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